ABSTRACT
Introduction
lactic acid bacteria (lAB) produce a variety of antimicrobial compounds, including bacteriocins. Bacteriocin production by lAB has been extensively investigated during the last decade to get better understanding on its utilization as natural preservatives in foods (9) . this preservation technique could be employed either by using a bacteriocin-producing starter culture or by applying the purified bacteriocin as a food additive. the latter will necessarily require optimization of their production, which is essentially dependent on multiple strain-specific factors (15) .
comprehensive understanding of the factors affecting the growth of lAB and their ability to secrete bacteriocins is required to enhance the production. high yield and production shall be achieved to ensure that industrial production is commercially viable. At present, there is limited information available on the optimal culture conditions for the production of bacteriocins by lactobacilli. cell growth and bacteriocin production are affected by several factors such as carbon and nitrogen sources, fermentation conditions (ph, temperature and agitation). thus, optimization of bacteriocin production and enhancement of its activity are of economic importance as the functionality of such strains under industrial and food processing conditions is still not fully understood.
the highest bacteriocin titres are usually obtained at ph and temperature values lower than the optimum conditions for growth (14, 17) . in general, good cell growth frequently goes hand in hand with bacteriocin production (2, 11) . nevertheless, optimal cell growth does not always result in high bacteriocin production (6, 8, 18) . the present study was carried out to investigate the effect of different media, temperatures, ph, types and concentrations of carbon and nitrogen sources on the production of bacteriocin by Lb. paracasei lA07. this bacterium was isolated from a Malaysian fermented fish product, budu.
inoculum preparation, a single colony picked from de Man, Rogosa and Sharpe (MRS) agar plates was inoculated into 10 ml of MRS broth and incubated at 37 °c in a rotary shaker agitated at 100 rpm for 18-24 h. An overnight culture with optical density of 0.03 read at 650 nm was used as a standard inoculum.
Fermentation initially, the cultivation of Lb.paracasei lA07 for BliS production was conducted in aerobic conditions. then the cultivation was carried out in 250 mL flasks containing 100 mL of medium. The flasks were inoculated with 1.5% inoculum and incubated in an anaerobic jar at 37 °c without agitation.
Several media including MRS (Merck, Darmstadt, Germany), M17 (Merck, Darmstadt, Germany), tryptic Soy Broth (tSB) (Merck, Darmstadt, Germany) nutrient Broth (nB) (Merck, Darmstadt, Germany) and Brain heart infusion Broth (BhiB) (Merck, Darmstadt, Germany) were assessed to identify the preferred medium for the production of BliS.
Glucose was used as a primary carbon source while tryptone, meat extract and yeast extract were used as additional nitrogen sources in MRS broth. in each case, the media were formulated to contain a total nitrogen and carbon content of 1, 3, 5, 10 and 20 g/l.
the effect of initial culture ph on BliS production by Lb. paracasei lA07 was evaluated at 37 °c using MRS, which was the preferred medium for growth and BliS production. the initial culture ph of the medium, ranging from 2 to 8.5, was adjusted either using 3 M hcl or 3 M naoh. on the other hand, to investigate the effect of temperature, ranging from 25 to 37 °c, different types of medium were used where the initial culture ph was set at around 7.3 to 7.5.
the effect of agitation on BliS production by Lb. paracasei lA07 was also studied in aerobic and anaerobic conditions. For aerobic conditions, the flask was placed in a rotary shaker incubated at 37 °c with different agitation speeds (0, 100 and 250 rpm). For anaerobic conditions, the flasks were placed in anaerobic jar inside the rotary shaker incubated at 37 °c and agitated at different speeds (0, 100 and 250 rpm).
Analytical procedures
The samples taken from the fermentation flask were analyzed for biomass concentration and antimicrobial activity. Biomass concentration in the crude samples was measured as cell density using UV/ViS spectrophotometer (lambda 25, Perkinelmer) at 650 nm. cell-free culture supernatant was obtained after centrifuging the crude samples at 12,000 g (rotor model 1189, Universal 22R centrifuge, hettich AG, Switzerland) for 20 min at 4 °c. Antimicrobial activity of the cell-free culture supernatant was determined by the agar well diffusion assay (24) using Lb. plantarum Atcc 8014 and L. lactis Atcc 11454 as indicators. Aliquots of supernatants (100 µl) were placed in wells (6 mm diameter) of soft MRS agar plates (25 mL) previously seeded (1% v/v) with the appropriate indicator strains. the plates were incubated under optimal conditions for growth of the target microorganisms. After 24 h, diameters of the growth inhibition zones were measured and correlated to antimicrobial activity. Antimicrobial activity was defined as the reciprocal of the highest dilution showing significant inhibition of the indicator lawn and was expressed in Activity Units per ml (AU/ml).
the inhibitory spectrum of the antimicrobial substance produced by isolate of lactobacilli against different Grampositive and Gram-negative bacteria (B. cereus Atcc 11778, S. aureus Atcc 25923, Salmonella enterica Atcc 1331, L. monocytogenes Atcc 15313 and E. coli) was also determined by the same procedure used for antimicrobial assay. All experiments were carried out in triplicates.
Statistical analysis
Data were analyzed by one-way analysis of variance (AnoVA), two-way analysis of variance followed by linear correlation test. The significance of statistical analysis was ensured with a probability value of less than 0.01.
Results and Discussion
Effect of growth media and time course of BLIS production by Lb. paracasei LA07 Table 1 shows the effect of different media on the growth of Lb. paracasei lA07 and BliS activity. the production of BliS is strongly dependent on medium composition (13) . Few studies have been conducted on optimization of growth medium regarding bacteriocin production. Although bacteriocins were produced in a defined medium (10, 20) and semi-defined medium (29, 30) , high amounts of production are usually attained in complex media (8, 22) . As lAB are fastidious with respect to nutrient requirements, a rich medium with yeast extract and protein hydrolysates is required for good growth and production (19, 25) . in the present study, highest growth and bacteriocin production was recorded when MRS medium was used, followed by M17 broth, tSB, BhiB and nB, respectively. these observations suggested that rich nutrients such as MRS are required for the production of bacteriocin, which concurs with the findings by many researchers (3, 7) . A typical example of the time course of BliS production by lb. paracasei lA07 grown in MRS broth at 37 °c is shown in Fig. 1 . exponential growth phase was observed from 2 to 12 h of fermentation and a stationary growth phase was occurred after 16 h. The first appearance of BLIS production was observed at 8 h of fermentation. Rapid BliS production occurred concomitantly with increasing growth, and BliS production continued even after growth reached a stationary phase. this observation indicated that the BliS production was a mixed growth system. Growth in MRS broth yielded bacteriocin levels of approximately 11,935 AU/ml which was comparable with that reported by todorov and Dicks (27) , where an activity of 12,800 AU/ml was obtained at ph of 6.5 in MRS broth.
Effect of nitrogen and carbon sources in MRS broth on BLIS production the effect of different concentrations of nitrogen on BliS production is shown in Table 2 . Maximum production of BliS was obtained when 3 g/l nitrogen equivalent of tryptone was added to the media. When the amount of nitrogen equivalent of tryptone was increased to 5, 10 and 20 g/l, both the growth of Lb. paracasei lA07 and BliS production decreased. the average peptide length in the tryptone used in the reference medium is eight amino acids. At low amino acid (tryptone) concentrations, the production ceased before the growth reached stationary phase (1). Both direct genetic control mechanisms and the inducing peptide may also play a role (23). Growth did not change significantly with increasing the The cultures were grown in MRS broth at 37 °C; a & b means with the same letter in the same row are not significantly different at P < 0.01 amount of nitrogen equivalent of yeast extract added to the media. however, maximum BliS production was obtained when 5 g/l of nitrogen equivalent of yeast extract was added to the culture media. Yeast extract provides not only a relatively larger proportion of free amino acids and short peptides (two to three amino acids long), but also more growth factors than other protein hydrolysates prepared by enzymatic hydrolysis (1, 7, 10) . The growth did not change significantly with increasing the amount of meat extract up to 10 g/l of nitrogen equivalent. A slight decrease in growth was observed with increasing the amount of total nitrogen up to 20 g/l when meat extract was used as nitrogen source. BliS production was increased with increasing the amount of total nitrogen up to 5 g/l equivalent of meat extract.
the effect of different concentrations of glucose on the growth of Lb. paracasei lA07 and BliS production is shown in Table 3 . The growth did not change significantly with increasing glucose concentration up to 10 g/l carbon equivalent to glucose. A slight decrease in growth was observed at very high glucose concentrations (equivalent to a total carbon of 20 g/l). BliS production was increased slightly with increasing glucose concentration up to 10 g/l of total carbon. high glucose concentrations in the culture might have increased the osmotic stress which could be the reason for reduction of growth of the organism and so the production of bacteriocin (12) .
Effect of agitation speed on BLIS production the effect of agitation speed on the growth of Lb. paracasei lA07 and BliS production is shown in Table 4 . Bacterial growth at a range of agitation speeds (0 to 200 rpm) tested in this study showed no significant difference at P < 0.01 for both aerobic and anaerobic conditions. A slight increase in BliS production was observed in culture agitated at 100 and 200 rpm as compared to that obtained in non-agitated culture. however, BliS production at all agitation speeds tested showed no significant difference at P < 0.01 between aerobic and anaerobic conditions. Generally, the production of bacteriocins by lactic acid bacteria implies moderately to highly restrictive conditions regarding the availability of oxygen (28) . the situation appeared to be more complex, probably owing to the facultative anaerobic characteristics of these microorganisms. the effect of aeration was depended upon the types of bacteriocins and microorganisms employed in the study (4) . the results from the present study also showed that the production of bacteriocin was not influenced by agitation. this is in accordance with the study by caldeón-Santoyo et al. (5) who reported that agitation did not affect the production of bacteriocin.
Effect of initial pH and temperature on BLIS production the effect of initial ph on the production of BliS by Lb. paracasei lA07 in MRS medium is shown in Table 5 . Both growth and BLIS production were influenced by initial pH. Maximum BliS production was obtained at an initial ph of 8.5 while lower BliS production was recorded at a ph equal or lower than 4. Maximum bacteriocin production was obtained when the intial culture ph was 8.5. this observation is not quite similar to the production of bacteriocins by other lAB where the maximum production was detected in media with an initial culture ph ranging from 5 to 6.5, which was lower than the optimal ph for growth, depending on the microorganisms (21) . in our experiments growth was also inhibited at ph equal or lower than 4. the result of the correlation test indicated that there was a significant linear correlation between growth and BLIS production with increasing initial pH (P value < 0.01, Pearson's Coefficient, 0.981). The initial pH of the medium appeared to have a significant effect on the growth of Lb. paracasei lA07 and BliS production. it was evident that the increase of culture ph was in parallel to the growth of Lb. paracasei lA07. the growth of Lb. paracasei LA07 was not significantly influenced by the variation in cultivation temperature between 25 °c and 37 °c ( Table 6 ). on the other hand, BliS production was influenced by the cultivation temperature. Highest BLIS production was achieved in a culture maintained at 30 °c. the temperatures for growth and bacteriocin production are often correlated, as observed for lactocin A, enterocin 1146, lactocin S (21), amylovorin 1471, and nisin Z (26) . the high production of BliS by Lb. paracasei lA07 at 30 °c might be due to different rate-limiting reactions which are dependent on temperature, resulting in better utilization of carbon and/ or energy at low growth rates and increased availability of essential metabolites (AtP included) for bacteriocin synthesis (1).
Conclusions
environmental factors are the key parameters which have pronounced influence on the growth rate and level of production of BliS. the highest production of BliS was obtained in cultivation using MRS broth. the addition of carbon (glucose) and nitrogen (tryptone, yeast and meat extract) sources significantly improve BLIS production by Lb. paracasei LA07, though growth was not significantly influenced. The highest BliS production was obtained in MRS medium with the addition of yeast or meat extract at equivalent total nitrogen concentration of 5 g/l. the preferred condition for the growth of Lb. paracasei lA07 and the production of BliS were at an initial culture ph of 8.5, incubated for a period of 24 h at 30ºc. There was no significant difference in the bacterial growth and BLIS production with different agitation rates in shake flask cultivation under aerobic and anaerobic conditions.
